F emoral neck fractures are among the most common fractures treated by orthopedic surgeons and are associated with an increased rate of mortality and loss of independence at 1 year in the elderly population. [1] [2] [3] [4] [5] [6] The treatment of intracapsular femoral neck fractures is based on both fracture and patient factors. Patient factors, including age and activity level, play a significant role in preoperative planning, with younger patients being more likely to undergo open reduction and internal fixation. Elderly patients are more likely to undergo arthroplasty to mitigate the elevated risks of fixation failure, nonunion, and avascular necrosis after open reduction and internal fixation in this population. 7 Patients with increased functional demands achieve excellent results after total hip arthroplasty (THA). [8] [9] [10] Elderly patients with multiple medical comorbidities, physiologic compromise, and decreased functional demands are often treated with hemiarthroplasty, with the goals of relieving pain and promoting early ambulation. 11, 12 Early mobilization after hip hemiarthroplasty correlates with improved ambulation, reduced need for assisted transfers, and less use of extended care facilities after hospital discharge. 13 Continued efforts to improve long-term functional outcomes are focused on reducing the morbidity associated with surgical intervention to relieve pain and allow early ambulation and independence. The direct anterior approach recently gained popularity for elective THA, with reported benefits including improved ambulation, [14] [15] [16] [17] [18] decreased pain, 14, 19 decreased length of stay, 19, 20 and an increased likelihood of being discharged home from the acute care setting. 20, 21 Few studies have reported outcomes of the direct anterior approach to hip hemiarthroplasty. Therefore, it remains unknown whether the benefits reported with the direct anterior approach to THA for degenerative arthritis can be extrapolated to a frail elderly population undergoing hemiarthroplasty for femoral neck fractures. [22] [23] [24] [25] The current study reported and compared the results of patients with displaced femoral neck fractures undergoing hemiarthroplasty with the direct anterior approach with patients undergoing an alternative surgical approach. The authors hypothesized that patients undergoing the direct anterior approach would have a shorter length of stay, improved ambulation, and a higher rate of return to baseline ambulatory status without an increase in complications related to the surgical approach.
Materials and Methods
After institutional review board approval was obtained, a retrospective chart review was conducted to identify consecutive patients undergoing hemiarthroplasty for acute intracapsular femoral neck fractures from July 2011 to February 2013. A total of 101 patients were identified for analysis. Patients were grouped into those undergoing the procedure with the direct anterior approach (group 1) and those undergoing the procedure with a posterior, direct lateral (modified Hardinge), or anterolateral (Watson-Jones) approach (group 2).
Board-certified orthopedic surgeons at a teaching institution with an orthopedic residency program accredited by the Accreditation Council for Graduate Medical Education performed all procedures after preoperative medical optimization. The surgical approach and the type of implant fixation (cemented vs uncemented) were determined at the time of surgery, based on physician preference. All surgeons performing the direct anterior approach had received formal training in this approach and used it in their patients undergoing elective THA. Postoperatively, all patients were weight bearing as tolerated and participated in physical therapy either on the day of surgery or on postoperative day 1. Patients in group 1 were given no hip precautions postoperatively, whereas those in group 2 were given hip precautions consisting of an abduction pillow and formal education by physiotherapists. All patients had mechanical deep venous thrombosis prophylaxis with thigh-high compression hose and sequential compression devices. Chemical deep venous thrombosis prophylaxis was used when deemed appropriate by both the orthopedic and medical teams. Discharge to an extended care facility was based on the patient's performance during treatment sessions with licensed physiotherapists.
Outcomes of interest included operative time, estimated blood loss, length of stay, number of feet ambulated postoperatively, and ambulatory status at final follow-up. Data recorded for the number of feet ambulated postoperatively were analyzed for the first 3 days postoperatively. In addition to measures of intraoperative blood loss, the difference between the serum hemoglobin level obtained on postoperative day 1 and the value obtained on the morning of surgery was also calculated to estimate blood loss between groups. Complications were divided into major and minor categories and defined as any undesirable medical or surgical outcome after surgery.
Statistical analysis was performed by an on-site statistician with StatPlus 5.8 software (AnalystSoft Inc, Walnut, California). All continuous data satisfied the assumption of normality; thus, only parametric analysis was performed. Continuous outcome data between groups were analyzed with a 2-sample t-test. Categorical data between groups were analyzed with Pearson's chi-square test or Fisher's exact test. Statistical significance was set at P=.05.
results
A total of 101 patients (70 women, 31 men) were retrospectively identified for inclusion. Of these, 31 patients (31%) underwent hemiarthroplasty using the direct anterior approach compared with 70 patients (69%) who underwent either the anterolateral (n=30), posterior (n=29), or lateral (n=11) approach. All patients un-derwent press-fit hemiarthroplasty, with no cases of cemented fixation. No differences were found between baseline preoperative demographic data ( Table 1) . Mean clinical follow-up for all patients was approximately 4 months (15.9 weeks), with no observed differences between groups (P=.26).
Mean operative time from incision to closure was 97.2 minutes for all patients ( Table 2) . No difference in operative time was found between those undergoing the anterior approach (98.7 minutes) compared with those undergoing other surgical approaches (96.5 minutes) (P=.76). No difference in estimated blood loss (P=.59) or deviation from the serum hemoglobin level obtained on the morning of surgery (P=.48) was identified between groups. Mean decrease in the hemoglobin level from the day of surgery to postoperative day 1 was 1.7 g/dL for group 1 and 1.8 g/dL for group 2. Mean length of stay for all patients was 5.8 days postoperatively, with no observed difference between groups (group 1, 5.3 days; group 2, 6.0 days; P=.32). When data from patients who died before discharge were eliminated, patients who underwent the direct anterior approach were more likely to be discharged on postoperative day 3 or earlier (28%) compared with patients who had another approach (6%, P=.01) ( Table 2) . No difference in the number of feet ambulated postoperatively was observed between groups ( Figure) . At discharge, 13.8% of patients in group 1 and 4.5% of patients in group 2 were discharged home (P=.12). All remaining patients were discharged to an extended care facility. At final follow-up, 45.5% of patients in group 1 and 44.2% of patients in group 2 had returned to their previous residence.
Outpatient records were available for 83% of patients in group 1 and 86% of patients in group 2. Excluding patients who were lost to follow-up or whose ambulatory status was unknown based on review of outpatient records, 50% of patients in group 1 who were ambulatory on presentation had returned to their baseline ambulatory status vs 25% of those in group 2 (P=.07). Thirty-three percent of patients in group 1 and 53% of patients in group 2 required the use of an assistive device after surgery (P=.18). Of patients in group 1 who were ambulatory preoperatively, 11% were nonambulatory at final followup compared with 19% of those in group 2 (P=.44). One patient in each group had an improvement in ambulatory status. Both of these patients were unassisted at final follow-up and had previously required the use of a walker.
The overall rate of major and minor complications for all patients was 23% in group 1 and 26% in group 2 ( Table 3) . No statistically significant differences were seen between groups. No intraoperative fractures were observed in either group. The overall dislocation rate for all patients was 3%. All dislocations were observed in group 2 and specifically in patients undergoing either the posterior (n=1) or anterolateral approach (n=2). No difference was seen in either the need for transfusion or the number of blood products transfused (group 1, 19%; group 2, 31%; P=.21) ( Table 2) .
The overall reoperation rate was 5% (n=4). One patient in group 1 was diagnosed with a periprosthetic joint infection requiring removal of the implant and placement of an antibiotic-impregnated spacer. The infection resolved after 6 
discussion
Displaced femoral neck fractures are a significant health care burden and are associated with increased rates of morbidity and mortality and loss of independence in the elderly population. Elderly patients with multiple medical comorbidities and low functional demand undergoing hemiarthroplasty require early ambulation to avoid the potential consequences of prolonged recumbency. Despite reports of improved outcomes in patients undergoing elective THA with the direct anterior approach, [14] [15] [16] [17] [18] no consensus on the benefits of this approach has been documented for patients undergoing hemiarthroplasty for acute intracapsular femoral neck fractures.
The literature suggests that some of the reported benefits of the direct anterior approach after elective THA may apply to patients undergoing hemiarthroplasty for acute intracapsular femoral neck fractures. [22] [23] [24] [25] The current study showed that patients undergoing the direct anterior approach were more likely to be discharged on postoperative day 3 or earlier (28%) compared with those undergoing other surgical approaches (6%). No difference in the number of feet ambulated during the first 3 postoperative days was noted between groups. It is possible that the current study was underpowered to detect such a difference because patients in both groups had a wide range of values, possibly as a result of preoperative differences in physiologic reserve. It is possible that a selection bias toward patients undergoing either the posterior, direct lateral, or anterolateral approach occurred during analysis of the number of feet ambulated on postoperative days 2 to 3 because patients undergoing the direct anterior approach who excelled immediately postoperatively would have been discharged on postoperative day 1.
Early reports of the direct anterior approach in patients undergoing THA raised concerns about a higher complication rate compared with other surgical approaches. [26] [27] [28] Others described a challenging learning curve for the direct anterior approach, with an initially higher complication rate, longer mean surgery time, and increased use of fluoroscopy. [29] [30] [31] The current study found no difference in the rate of major and minor complications in patients undergoing the direct anterior approach performed by surgeons familiar with the approach compared with patients undergoing other surgical approaches. The incidence of dislocation after hemiarthroplasty has been reported as 1.5% to 13.4%. 22, [32] [33] [34] [35] Although the reason for dislocation in this population includes a combination of factors, elderly patients with multiple medical comorbidities may be unable to comply with the positional restrictions prescribed by surgeons using the posterior and anterolateral approaches. The dislocation rate in the current study was 3% (n=3), which is consistent with previously reported rates after hemiarthroplasty. All dislocations occurred in patients who had undergone either the posterior or the anterolateral approach, and all had previously been diagnosed with neurodegenerative conditions, including multiple sclerosis and Parkinson's disease. Earlier studies in patients undergoing elective THA reported a lower incidence of dislocation after the direct anterior approach. 36, 37 However, this has yet to be shown when applying the approach to hip hemiarthroplasty. This represents a theoretical advantage for patients undergoing hemiarthroplasty who may be unable to comply with positional restrictions, such as those with neurodegenerative conditions.
Limitations
The current study had several limitations related to its retrospective design. All patients were identified and analyzed with the electronic medical record in place at the authors' institution. It is possible that patients who were lost to follow-up had additional complications or required reoperation at outside institutions after the index procedure. Although no significant differences were identified between groups preoperatively with respect to age, mechanism of injury, baseline ambulatory status, or American Society of Anesthesiologists classification, the number of medical comorbidities in individual patients was not recorded and may contribute to baseline differences between groups that were not assessed. Despite these potential differences, patients were not assigned to either group based on their preoperative medical comorbidities.
Mean clinical follow-up reported in both treatment groups was relatively short and may be insufficient to assess outcomes after hemiarthroplasty. Only 50% of patients in the current study had follow-up of more than 12 weeks. Despite previous reports similarly showing a lack of long-term follow-up in this patient population, it is likely that longer followup may have increased the authors' ability to report complications and reoperations after hip hemiarthroplasty. 24 Heterogeneity in surgical technique and postoperative protocols among surgeons may also limit the external validity of the current study. The patients in this review underwent surgery performed by 12 different board-certified orthopedic surgeons of varying subspecialties who take orthopedic call. Of these, only 2 surgeons routinely use the direct anterior approach and had either formal fellowship training in orthopedic trauma (n=1) or continuing medical education (n=1) on how to perform this approach. The remaining surgeons either practiced general orthopedics (n=4) or had fellowship training in trauma surgery (n=1), shoulder and elbow surgery (n=1), hand surgery (n=1), knee surgery (n=1), foot and ankle surgery (n=1), or spine surgery (n=1). This reflects the current practice of general orthopedics at many institutions, and for this reason, the authors' results are likely comparable to those at other institutions where fellowship-trained orthopedic surgeons participate in general orthopedic call and are responsible for the management of patients with low-energy intracapsular femoral neck fractures. Heterogeneity in reporting postoperative follow-up data was also encountered, especially in the reporting of postoperative ambulatory status, which is reflected by the 24% of patients whose postoperative ambulatory status was unknown at final follow-up. This may have introduced selection bias and limited the authors' ability to determine whether the direct anterior approach affected patients' ability to return to their baseline ambulatory status. Finally, although the current study is among the largest series of patients undergoing the direct anterior approach to hip hemiarthroplasty, larger studies with longer follow-up are necessary to determine whether the direct anterior approach results in a decreased dislocation rate compared with the posterior, direct lateral, or anterolateral approach.
conclusion
Patients undergoing the direct anterior approach were more likely to be discharged within 3 days of surgery compared with those undergoing the posterior, anterolateral, and direct lateral approaches. No differences in the rate of major or minor complications were observed between treatment groups at short-term follow-up. Larger prospective studies are needed to further define the benefits of the direct anterior approach in this patient population.
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